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Abstract: Abiotic factors are very important in the aquatic ecosystems because they create the frame in 
which the organisms develop. In order to evaluate the seasonal variation of the abiotic and biotic factors, three 
different aquatic ecosystems were investigated: a natural ecosystem, a transformed ecosystem and an artificial 
ecosystem. The physical, chemical and bacteriological parameters of water, A Chlorophyll, as well as the aquatic 
invertebrates from surface and benthic zone were determined. A comparative analyze of the seasonal dynamics 
in the three lakes shows us that the artificial ecosystem is the less stabile of all. The biodiversity of aquatic 
ecosystems is maximal in the natural ecosystem, followed by far by the transformed and artificial ecosystems. 
 
INTRODUCTION 
 
The abiotic characteristics of aquatic ecosystems, including both physical and chemical 
factors, represent the environment in which organisms live. Temporary modifications of these 
factors trigger certain reactions of the organisms populating different aquatic ecosystems, so 
they can be successful and reproduce (Brönmark and Hansson, 2005). As a consequence, the 
knowledge of abiotic factors can be used for a good understanding of the structure of faunistic 
communities in a given environment. Because the human impact can result in the 
transformation or development of new ecosystems, the knowledge of both environmental 
features and community composition is a condition for understanding and assurance for a 
good functioning, in time, of these ecosystems. Preliminary studies have already been 
undertaken by the authors (Borda et al. 2006), the present paper being the result of a study 
still in progress. In this paper, we continued our investigations upon the following 
ecosystems: a natural aquatic ecosystem, represented by a mountain lake - Ighiel Lake, a 
transformed aquatic ecosystem, represented by the dam of Tarnita Lake, and an artificial 
aquatic ecosystem, which is the pleasure lake in the Central Park of Cluj Napoca. In order to 
study the seasonal dynamics of aquatic fauna and the relationships between existing 
biocenosis and the biotope, we undertook seasonal sampling of water and fauna in all three 
target ecosystems. 
 
MATERIAL AND METHOD 
 
Physico-chemical parameters. Temperature and concentration of hydrogen ions were 
undertaken in field, with portable measurement devices (Hanna Instruments): electronic 
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thermometer CHECKTEMP 1, precision +/- 0.3%, and pH-meter PICCOLO, precision +/- 0.01%. 
The laboratory analyses were performed at the Romanian Waters National Administration, 
Department of Someş-Tisa, upon water samples transported at 4oC. We determined the 
following parameters: Conductivity, electronically determined, in conformity with SR EN 
27888: 1997; Biochemical oxygen demand BOD5, in conformity with SR EN 1899-1: 2003, SR 
EN 1899-2: 2002; Chemical oxygen demand COD-Mn, determined by volume, in conformity 
with SR ISO 5815; SR EN 1899-2:2002; Ammonium, determined by spectrophotometry in 
visible, in conformity with SR EN 8467: 2001; Nitrites, determined by spectrophotometry in 
visible, in conformity with SR ISO 10048: 2001; Nitrates, determined by spectrophotometry 
in visible, in conformity with STAS 8900/2-71; Kjeldahl Azot, determined by volume, in 
conformity with SR ISO 5815; SR EN 1899-2:2002; Phosphates, determined by 
spectrophotometry in visible, in conformity with SR EN 1189: 2000; Total Phosphorus, 
determined by spectrophotometry in visible, in conformity with SR EN 1189: 2000; Oil 
products, determined by infrared spectrophotometry, in conformity with SR 7877-1, 2: 1995.  
Microbiological analyses were carried out both at the National Administration of 
Romanian Waters, the Somes-Tisa Department and the Hygiene and Environmental 
Protection Lab of Veterinary Medicine Faculty. The bacteriological parameters performed 
are: Total number of aerobic mesophilic germs, TNAMG, Total coliforms, in conformity with 
STAS 3001/91, Fecal coliforms, in conformity with STAS ISO 4832/1992. 
Clorophile A was determined in conformity with STAS 10260/1996. 
Aquatic invertebrates (zooplancton and zoobentos) 
The community of aquatic invertebrates was evaluated on a seasonal basis, the samples 
being collected in the same time with those for the evaluation of abiotic and microbiological 
factors. We collected three parallel samples from each sampling site, by filtering of 10 l of 
water. Samples were filtered by a planktonic net of 65 µm diameter, transferred in plastic jars, 
and 96% ethylic alcohol was added to the residue, so the final concentration was 60-70%. 
After that, samples were sorted out on the main groups of aquatic invertebrates using a 
stereomicroscope. 
 
RESULTS AND DISCUSIONS 
 
The abiotic factors (pH, temperature, availability of light, concentration of nutrients) 
differ spatially and seasonally, this being the reason why the analyses were realized always in 
the same point. Tabel 1 present the results of physico-chemical investigations undertaken in 
the warm season, the cold season and in the period of vertical circulation of water - the 
autumnal season, respectively, in all three types of ecosystems. 
Among the abiotic factors, the most important seasonal variability has temperature and 
pH (Fig. 1). Analyzing the three studied ecosystems, we noticed that the highest thermic 
stability has the natural ecosystem, although the depths were the measurements were realized 
were similar for Ighiel and Tarnita Lake (7-8m). The thermic instability of the Chios Lake is 
due both to the reduced depth (2-3m) and to its artificial structure, made of concrete. Because 
of the capacity of water to preserve the heat, there is a thermo stratification resulted in a 
certain vertical dynamics of animals, which makes the temperature variations less drastic. As 
a consequence, temperature is considered one of the key factors that affect the distribution, 
behavior and metabolic rate of aquatic organisms (Burian, 2002). In what the pH concerns, 
the artificial ecosystem is subject to variations in the highest degree. The concentration of 
hydrogen ions depends on the geology and hydrology of capture area, the input of organic 
matter, the productivity of the system, and is less influenced by the season. An exception is 
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represented by the dam lake, where the measurements in autumn were undertaken during a 
period of depletions and replenish of the lake, which determined the decrease of pH to a 
critical value of 5.68. Normally, the pH of the lakes lies between 6 and 9, so that a decrease of 
hydrogen concentration can have a negative impact upon the aquatic organisms, such as their 
reproduction and abundance, as well as the inversion of the number of some invertebrate 
groups, some of them being more tolerant to decreased pH than others (Brönmark and 
Hansson, 2005). 
 
Table 1. The seasonal variation of  abiotic factors in the studied aquatic ecosystems. 
Ighiel Lake TarniŃa Lake Chios Lake Parameters Summer  Autumn Winter  Summer Autumn Winter  Summer  Autumn     Winter 
Physical and chemical parameters 
Surface temperature (0C) 18.9 13.8 1.1 23.8 12.1 4.7 21.9 13.2 1.4 
Benthic temperature (0C) 8.5 8.2 4.0 13.1 11.5 4.9 20.5 13.0 4.1 
Surface pH  7.84 8.02 8.13 8.93 5.88 7.88 8.86 8.34 8.92 
Benthic pH 7.4 7.32 7.91 9.03 5.68 8.55 6.86 9.34 8.36 
Surface conductivity (µS/cm) 476 379 337 193 75 72 223 119 74 
Benthic conductivity (µS/cm) - - 362 - - 78 - - 105 
Ammonium (mg/l) 0.54 0.54 <0.01 0.2 0.36 0.23 0.05 <0.01 0.13 
Nitrates (mg/l) 0.03 0.036 <0.02 0.02 0.02 <0.02 0.030 0.03 <0.02 
Nitrites (mg/l) 1.17 2.44 3.67 0.67 1.35 1.54 0.85 1.04 1.48 
Nitrogen Kjeldahl (mg N/l) 0.56 0.7 0.84 0.14 0.42 0.84 0.00 0.14 1.12 
Phosphates (mg/l) 2.362 2.247 0.017 0.002 0.012 0.10 0.012 <0.005 0.017 
Total Phosphorus  (mg P/l) 0.772 0.734 0.013 <0.005 <0.005 0.273 <0.005 <0.005 0.091 
Oil products - IR (mg/l) - - - - <0.1 - - <0.1 - 
Fig. 1. Seasonal variation of temperature and pH in the studied ecosystems. 
 
Nutrients are represented by C, N and P, their normal atomic ratio being 106:16:1. This 
Redfield ratio is very influential and has become one of the laws in limnology (Brönmark and 
Hansson, 2005). Total phosphorus, represented by the sum of inorganic and organic forms, is 
the main determinant for lake production. Usually, phosphorus enters the lake from the 
catchments area and via sediment release and also via atmospheric deposition. But in the last 
years, due to the human impact, the phosphorus concentration increased considerably in the 
lakes. In what the lake fertility concerns – estimated by the quantity of total phosphorus – we 
noticed that Ighiel Lake is hipereutrophic, while the other analyzed lakes remain in the 
category of oligotrophic lakes. The exception is represented by the results of analyses 
undertaken in winter, moment in which Lake Tarnita also becomes hipereutrophic (Tab. 1, 
Fig. 2). Nitrogen concentrations in lakes vary widely from 0.1-6mg/l; in our study the values 
are placed around 1mg/l, lower during summer and with a maximum at winter values of the 
Chios Lake. Nitrogen is less connected to lake trophic state than phosphorus. It may enter the 
lake by precipitation, atmospheric fixation or by input of surface or groundwater drainage.  
 75 
 
It occurs as nitrate, nitrite and ammonium; all these forms and especially the 
ammonium are the result of organic pollution, resulted from human activity. The highest 
values of ammonium are recorded in Ighiel and Tarnita Lake and are due to the tourist 
activities carried on in these areas. Nitrites occur in very high quantities in Ighiel Lake, with a 
maximum in summer months (Tab. 1, Fig. 2).  
 
Fig. 2. Seasonal variation of nutrients in the studied ecosystems. 
 
BOD5 and COD-Mn represents the biological demand of oxygen, i.e. the quantity of 
oxygen used by microorganisms for the biochemical decomposition of organic matter in the 
water. Based on this parameter, it is possible to appreciate the concentration of organic matter 
in the water, resulted from eutrophyzation and/or human activities. The highest values were 
recorded in Tarnita Lake, in direct connection with organic pollution, originated from the 
pasture of big animals (horses and cows), as well as from recreational activities. As seasonal 
evolution, the highest values occur during the summer (Tab. 2, Fig. 3).  
 
Table 2. The seasonal variation of  biotic factors in the studied aquatic ecosystems. 
Ighiel Lake TarniŃa Lake Chios Lake Parameters Winter Summer Autumn Winter Summer Autumn Winter Summer Autumn 
BOD
 5 (mg O/l) <3 0.52 <3 <3 1.13 <3 <3 0.66 <3 
COD-Mn (mg O/l) <4 1.68 0.96 7.4 3.60 2.4 <4 2.08 2.64 
TNAMG / cm3 200 340 32 540 170 70 400 1700 690 
Total Coliforms /100 cm3 200 40 130 280 140 5 270 1700 17 
Fecal Coliforms /100 cm3 200 340 130 540 170 5 400 1700 4 
Surface A Chlorophyll (mg/l)  2.36 0 5.92 0 2.96 0 
Photic zone A Chlorophyll (mg/l) 1.89 0 1.776 0 7.696 0 
Aphotic zone A Chlorophyl l (mg/l) 
0.0035 
21.65 0 
0 
0.592 0 
0 
7.696 0 
Fig. 3. The seasonal variation of oxygen demand in the studied ecosystems. 
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 Bacteriologically, the pleasure Lake Chios is the most contaminated with fecaloid 
coliforms, contamination that is more pronounced in autumn when the recreational season 
closes (Fig. 4). In Ighiel and Tarnita Lake the degree of microbiological infestation is similar, 
slightly more increased in the dam lake, the abundance of fecaloid germs indicating a recent 
contamination. As it is to expect, the contamination is at minimum in all lakes during winter, 
due to the sterilizing effect of low temperature.  
The concentration of Clorophile a is an estimation of the algal biomass, the maximal 
value being recorded in Ighiel Lake during summer (Tab. 2). 
 
Fig. 4. The seasonal variation of bacteriological parameters in the studied ecosystems. 
 
 
 In table 3 we illustrate the seasonal structure of zooplanktonic organisms. By 
analyzing the data we identified a more pronounced prevalence, both taxonomical and 
numerical, of the zooplankton in summer. The exception is represented by the Chios Lake, 
case in which we recorded a tripling of the number of aquatic organisms.  
 
Table 3. The seasonal variation of  aquatic invertebrates composition in the studied ecosystems. 
Ighiel Lake TarniŃa Lake Chios Lake Aquatic Invertebrate 
No/m3 Summer Autumn Winter Summer Autumn Winter Summer  Autumn Winter 
Zooplancton 
Rotifera 0 100 0 67 33 0 1167 8200 0 
Nematoda 0 0 33 0 33 0 0 0 0 
Cladocera 2367 433 0 9978 1867 0 0 0 0 
Calanoida 100 33 67 100 33 0 3700 0 0 
Cyclopida 100 67 133 811 600 67 3 4500 0 
Insecta 33 0 33 0 0 0 0 0 0 
Total 2600 633 266 10956 2566 67 4870 12700 0 
Zoobenthos 
Rotifera 0 300 0 200 2000 0 0 1500 0 
Nematoda 1267 4033 400 200 133 0 33 100 0 
Oligochaeta 1633 960 433 1233 1640 67 1067 33 0 
Gastropoda 0 0 233 0 0 0 0 0 0 
Lamelibranchiata 0 0 0 0 267 0 0 0 0 
Cladocera 8500 187 157 12400 24100 167 900 22900 2400 
Calanoida 667 4700 67 0 0 0 0 0 0 
Cyclopida 3000 800 1566 1900 21200 67 13933 9900 1166 
Harpacticoida 300 0 233 100 33 0 0 0 0 
Ostracoda 0 0 433 0 0 0 0 11667 0 
Insecta 0 0 67 0 2333 0 533 867 0 
Hydracaria 0 0 0 0 889 0 0 33 0 
Total 15367 10980 3589 16033 52595 301 16466 47000 3566 
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Taxonomically, the natural ecosystem presents a high abundance in groups of 
organisms. The lowest biodiversity was identified in the artificial ecosystem, were we 
detected only rotifers and copepods, in an impressive number (Fig.5).  
 
Fig. 5. The seasonal variation in the invertebrate groups of zooplancton from the studied ecosystems. 
 
 
The zoobenthos from the analyzed samples is much more rich and variable in 
organisms - some of the groups occurring only in the zoobenthos, not also in the water mass, 
such as: ostracods, harpacticoids, oligochets, gastropods, lamellibranchiate and caddis flies. 
The occurrence of oligochets reflects a high richness in organic matter; their number increases 
during the warm season, especially in summer (in Tarnita lake the number increases in 
autumn), this being in direct correlation with the oxygen demand.  Numerically, the highest 
biodiversity of the zoobenthos was recorded in the natural ecosystem (21 groups), followed 
by the transformed ecosystem (18 groups) and the artificial ecosystem (15 groups). The Ighiel 
Lake is by far outnumbered, Tarnita Lake and Chios Lake having an increased abundance in 
Cladocera and Cyclopida (Fig. 6).   
 
Fig. 6. The seasonal variation in the invertebrates groups of zoobenthos from the studied ecosystems. 
 
From the seasonal point of view, in summer we identified an increased number of 
aquatic organisms in the natural ecosystems, while an increased biodiversity was recorded in 
winter. On the contrary, in the other two aquatic ecosystems the most numerous aquatic 
invertebrates, both qualitatively and quantitatively, were identified in autumn.  
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CONCLUSIONS 
 
By comparatively analyzing the seasonal evolution of abiotic and biotic factors in the 
three ecosystems, it is evident that the less stabile is the artificial ecosystem, which, due to its 
low depth, morphology and its origin, is not able to assure optimal conditions for the 
development of an equilibrated ecological community. The biodiversity of aquatic ecosystems 
is maximal in the natural ecosystem, followed by far by the transformed and the artificial 
ecosystem. The last two types of ecosystems compensate the low biodiversity with the very 
high number of some restricted groups of ubiquarian and resistant organisms.  
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